Assessing processes is one of the best ways for an organization to start a software process improvement program. An alternative for organizations seeking for lighter assessments methods is to perform self-assessments, which can be carried out by an organization to assess its own process. In this context, the question that arises is which software process self-assessment methods exist and which kind of support they provide? To answer this question, a mapping study on software process self-assessment methods was performed. As result, a total of 33 methods were identified and analyzed, synthesizing information on their measurement framework, process reference model and assessment process. We observed that most self-assessment methods are based on consolidated models, such as CMMI or ISO/IEC 15504 with a trend to develop self-assessment methods specifically for SMEs. In general, they use simplified assessment processes, focusing on data collection and analysis. Most of the methods propose to collect data through questionnaires that are answered by managers or other team members related to the process being assessed. However, we noted a lack of information on how most of the assessment methods (AMs) have been developed and validated, which leaves their validity questionable. The results of our study may help practitioners, interested in conducting software process selfassessments, to choose a self-assessment method. This research is also relevant for researchers, as it provides a better understanding of the existing self-assessment methods and their strengths and weaknesses.
Introduction
Software process improvement is a validated way to increase product quality, to develop software with fewer resources in less time, to improve productivity increasing organizational flexibility and customer satisfaction and, thus, to allow software organizations to stand out from competitors (Harter et al. 2012; Kuilboer 2000; Boehm 2006; Paulk 1995; Solingen 2004; Kalinowski 2014) . One of the best ways for an organization to start a software process improvement (SPI) program is to perform a process assessment to elicit the gap between its current practices and the ones indicated by a reference model 0 ).
In order to perform a process assessment, Process Assessment Models, also called Software Process Capability/Maturity Models (SPCMMs), are typically used (Gresse von Wangenheim et al. 2010 ). These models describe the life cycle processes and process generic practices (ISO/IEC 2012). There exist several SPCMMs, among the most widely used are the CMMI (SEI 2010) and ISO/IEC 15504 1 (2004) (Yucalar & Erdogan 2009 ). Yet, besides their popularity, they are mostly applied in large organizations, not becoming popular among small and medium enterprises (SME) and/or agile enterprises (Larrucea et al. 2016) . This may be due to their detailed assessment procedure requiring considerable effort with significant costs, making their adoption often impossible for SMEs (Kar et al. 2012; Chang 2002; Yucalar & Erdogan 2009 , Gresse von Wangenheim et al. 2006 ISO IEC 29110-3; Abushama 2016 ). In addition, SMEs believe that software process assessments (SPAs) require a certain degree of detail that increases corporate bureaucracy (Kroeger 2014) . Another reason that makes SPAs less attractive to SMEs is the difficulty of understanding and implementing them in practice (Yucalar & Erdogan 2009; Kalpana 2010) . This fact leads many companies to seek more simplicity within the organizations' processes and as a result they are increasingly attracted to agile methods . Despite these challenges that many organizations encounter to assess their processes, SPAs cannot be discarded as they allow identification of the organization's strengths and weaknesses and, thus, are a fundamental input to start a software improvement program (Habra 2008; Kar et al. 2012 ).
Motivated by the need for less complex and more agile assessment methods (AMs), lighter assessment methods are developed, typically for SMEs or companies that use agile development methods, in the form of self-assessments. Self-assessments are the most common way to conduct a SPA in organizations that do not aim for certification (Patel and Ramachandran 2009) . They are carried out by an organization to assess the capability/maturity of its own process, not requiring the involvement of external SPI experts. The sponsor of a self-assessment is normally internal to the organization, as are the member(s) of the assessment team responsible for collecting and analyzing data and reporting the assessment results (ISO/IEC 2004) . Data collection is typically done by using a single method such as questionnaire, interview or workshop. Data analysis depends on the specific assessment purpose. For instance, to find gaps between the organization's current practices and the process assessment model (ISO/IEC 2004) , to educate the organization on the requirements of a formal assessment method or to perform a benchmarking against other organizations (Blanchette et al. 2005) .
The popularity of self-assessments is due to their low cost and accessibility (Patel and Ramachandran 2009; Abushama 2016) . As self-assessments use the organization's own human resources and are less bureaucratic, they allow a more simplified way to perform a process assessment in a shorter period of time with fewer resources (Pino et al. 2010; Abushama 2016 ). In addition, in organizations where maturity is a new concept, self-assessments allow an easy way to improve the process by not significantly intruding on the daily routine of the organization (Blanchette et al. 2005) . Self-assessment is also effective in generating an "ownership feeling" among managers, regarding the process quality, as it forces them to examine their own activities (Blanchette et al. 2005; Wiele et al. 2000) .
Despite the benefits presented, self-assessments are not without shortcomings. Organizations using selfassessments find it difficult to plan the process and to allocate human recourses to lead and execute them. Another difficulty is the scarcity of literature regarding the "best" approach to perform a self-assessment as there is no guidance on which self-assessment method organizations should use (Ritchie and Dale 2000) . This choice is especially important considering that different assessment methods may give different scores on attributes, not necessarily meaning that one method is better than the other, as sometimes two measures independently predict outcome criteria, each adding variance to the other (Ritchie and Dale 2000) . This leads to the conclusion that applying a variety of data collection methods can be useful to construct a more comprehensive picture of the needs and gaps that need to be addressed (Goethals 2013 ).
Another issue is the possible absence of competent assessors. As assessors in self-assessment are not necessarily experts in process assessment and may not be familiar with SPCMMs, there is a considerable risk of misinterpretation of the process indicators (Blanchette et al. 2005) . To mitigate this risk, data collection instruments used for the assessment must be explanatory in a way that non-experts may understand and adequately judge the indicators, e.g. preventing them from wrongly considering a Gantt chart to be a project plan. Furthermore, the response scale has also to be defined carefully, as assessors in self-assessment may not have sufficient experience to correctly classify the degree of satisfaction of an item on a finer grained scale (Saunders et al. 2009 ), e.g. deciding between partially achieved and largely achieved. Thus, if two or more points on a scale appear to have the same meaning, respondents may be puzzled about which one to select, leaving them to make an arbitrary choice (Krosnick et al. 2009 ). In order to minimize the assessment effort, data collection instruments should also be comprehensive enough to measure the essential information, but at the same time be succinct enough to encourage their completion.
Despite the extensive research on the development of lighter assessment methods and the recognition of the value of self-assessments, little systematic attention has been paid to this kind of assessment. Considering it an important element of process improvement programs, the question that arises is which software process self-assessment methods exist and what are their characteristics in terms of assessment process, techniques and stakeholders? Which process reference models and measurement frameworks do they use? Have these methods been developed and systematically evaluated? Therefore, this research aims at answering these questions through the execution of a mapping study on software process self-assessment methods providing a broad review of the existing methods and categorizing them in terms of their measurement framework, process reference model and assessment process. We also analyze the methods with respect to their development and validation/evaluation. We expect the results of this work to be useful to practitioners to select and adopt self-assessments and, thereby, contribute to improve the quality of software products as well as to guide researchers on the improvement of these methods.
The remainder of this article is organized as follows: Section 2 presents the background on the subject addressed; Section 3 describes the research methodology; Section 4 and 5 present the definition and execution of the mapping study. Results of the data analysis are presented in Section 6 and the results are discussed in Section 7. Section 8 presents the conclusion.
Background

Process assessment elements
Process assessment is a disciplined assessment of the processes of an organization against a reference model compatible with a process assessment model (ISO/IEC 2004) . ISO/IEC 15504 (2004) presents an assessment framework that defines the elements necessary to carry out a process assessment. Following ISO/IEC 15504 (2004) , the framework for conducting assessments, called assessment method (AM), includes a process reference model, a measurement framework, an assessment model, as well as an assessment process. On the other hand, the reference model and assessment model are the same in CMMI (SEI 2011) .
The process reference model describes a process life cycle, defining its purposes, process outputs and the relationships between them (ISO/IEC 2004). Typically, reference models are refined into activities (ISO/IEC 2012) or base practices (Coallier et al. 1994 ) that should be carried out, so the process might achieve its goal. Processes can be grouped into process areas (PAs), that are a group of related practices that when implemented satisfy important goals for making improvement in that area. Sometimes process areas are presented as dimensions or categories, which represent key elements of the process (SEI 2011).
The measurement framework provides a base for rating the capability of processes and/or the maturity of the organization, based on their achievement of defined process attributes. It typically includes three elements: process attributes, rating scale and a capability/maturity scale (ISO/IEC 2004) . A process attribute represents measurable characteristics, which support the achievement of the process purpose and contribute to meeting the business goals of the organization (ISO/IEC 2004) . A rating scale typically is an ordinal scale to measure the extent of the achievement of a process. The capability scale is composed by Capability Levels (CL) and represents the capability of the implemented process in increasing order, from not achieving the process purpose, to meeting current and projected business goals (SEI 2011). The maturity scale characterizes the maturity of the organization and each level builds on the maturity of the level below (Figure 1 ). Capability and maturity levels are typically represented using a staged or continuously scale system. The continuous representation uses Capability Levels to characterize capability relative to an individual Process Area (PA). A staged scale represents the Maturity Level (ML) of the organization's processes. Each maturity level is comprised of a set of process areas. To reach a certain maturity level the set of PAs must met a certain capability level (SEI 2011) . The assessment process is a set of activities that must be performed to conduct an assessment (El Emam 1999) . It contains activities such as planning, data collection, data validation, process attribute rating and reporting (ISO/IEC 2004) , defining also their inputs and outputs ( Figure 2 ). Each activity, in turn, can be performed by adopting specific techniques (such as interviews, workshops, meeting with stakeholders, presentations) and using specific tools (such as spreadsheets, templates or software systems). As part of the assessment process it also defines roles and responsibilities. There are basically two ways for performing process assessments: as an independent assessment performed by a team external to the organization, or as a self-assessment performed by a team internal to the organization being assessed (ISO/IEC 2004) .
Methodology
In order to provide an overview on the current state of the art on software process self-assessment methods, we perform a mapping study. The mapping study aims at providing a broad review on existing reports on software process self-assessment methods, classifying them and describing their methodology and results. The research questions of this study focus on which software process self-assessment methods exist and what are their characteristics, especially with respect to their process reference models and measurement frameworks. We also analyze how these methods were developed and evaluated. As mapping studies use the same basic methodology as systematic literature reviews, this study follows an adaptation of the procedure proposed by Kitchenham (2007) , Kitchenham et al. (2010) and Petersen et al. (2008) as presented in Figure 3 . In the definition phase, the research questions and the review protocol were defined. The protocol contains the selection criteria to determine which studies will be included in the review, the data sources, search strategy and the definition of search strings.
The execution phase was carried out based on the review protocol conducting the search in the selected repositories. The initial search results were analyzed with respect to their relevancy applying the inclusion/exclusion and quality criteria.
Once identified the relevant studies, the data needed to answer the search questions was extracted. The extracted data are analyzed with respect to the defined research questions and the results are interpreted during the analysis phase.
Definition of the mapping study
The main research question driving this study is: What is the state of the art on software process selfassessment methods? Furthermore, we want to obtain an overview on the existing methods answering the following sub-questions: . To increase publication coverage, we also used Google Scholar, which indexes a large set of data across several different sources (Haddaway et al. 2015) .
Inclusion/exclusion criteria:
We only include studies, which present a software process self-assessment method, published in the last 24 years (starting at the initial release date of the CMM (Paulk 1993) ) between January 1993 and June 2017. On the other hand, we excluded:
 Studies that present methods for the self-assessment of objects that are not software processes, such as products etc.  Studies that developed a software process self-assessment method, but do not present the AM.  Studies that present self-assessment methods for other contexts not related to software processes.  Studies not written in English.
In case of duplicate reports of the same study, we considered the most recent complete report found.
Quality criteria:
In addition to our inclusion/exclusion criteria, we also appraised the overall quality of the found studies. We considered only articles with substantial information on the process assessment method regarding our research questions.
Definition of search string:
In order to calibrate the search string, we conducted informal searches in the aforementioned repositories. The string use in these searches contained combinations of expressions related to the research question, synonymous, related/broader concepts for each core concept synonyms, as well as abbreviations. The test strings contained combinations of the expressions self-assessment, -internal assessment‖, software, -software process‖, method, methodology, capability, maturity, guide and framework. As result of the calibration, we defined the generic search string -(self-assessment OR "internal assessment") AND process AND software AND ("maturity" OR "capability") NOT (students AND education)‖.
Repository
Search string
Springer Link (self-assessment OR "internal assessment") AND process AND software AND ("maturity" OR "capability") NOT (students AND education)' within Engineering Computer Science English
Wiley Online Library
self-assessment OR "internal assessment" in All Fields AND process in All Fields AND software in All Fields AND "maturity" OR "capability" in All Fields NOT students AND education in All Fields
ACM Digital Library
(self-assessment OR "internal assessment") AND (process) AND (software) AND ("maturity" OR "capability") NOT (students AND education) 2 A web portal for access to scientific knowledge worldwide, managed by the Brazilian Ministry on Education for authorized institutions, including universities, government agencies and private companies (www.periodicos.capes.gov.br).
IEEE Xplore
(((self-assessment OR "internal assessment") AND (process) AND (software) AND ("maturity" OR "capability") NOT (students AND education))) SCOPUS ALL ((self-assessment OR "internal assessment") AND (process) AND (software) AND ("maturity" OR "capability") AND NOT (students AND education)) AND PUBYEAR > 1992
Google Scholar "internal assessment‖ -software" "process" maturity capability -students -education "self-assessment‖ -software" "process" maturity capability -students -education Table 1 presents the search string used to perform the search in each repository.
Execution
Execution of search
The search has been realized in June 2017 by the first author and revised by the other authors ( Table 2 presents the amount of articles found and reviewed in each repository.
In the first analysis stage, we quickly reviewed titles and abstracts to identify papers that matched the inclusion criteria, resulting in 287 articles potentially relevant. In the second stage, the articles were fully read with the objective to check their relevance with respect to our inclusion/exclusion criteria. In this step, 254 articles were excluded, most of them due to the fact that they address other forms of assessment than self-assessment, or deal with self-assessment of processes not related to software development. In this step, we also evaluated the articles with respect to the quality criteria. Some of the studies found (6) present case studies in which self-assessments were carried out in software companies or present the development of an assessment method, but do not provide enough details to analyze the AM, so they were also excluded. As result, 33 studies were considered relevant, as shown in Table 3 .
ID
Reference Title Table 3 Self-assessment methods found in the mapping study Table 3 presents the references and title of all publications selected.
Data extraction
We systematically extracted data from the articles in order to answer the research questions. Secondary sources (e.g., academic works) were also used to complete the information of the primary articles. In accordance to the research questions, we extracted the data described in Table 4 Data extracted from the studiesTable 4. Table 4 presents the data extracted from the studies in order to answer the research questions. The extracted data is presented as part of the analysis of each of the research questions in the next section.
Data analysis
This section presents an analysis of the data extracted from the studies in accordance to the defined research questions.
RQ1. Which software process self-assessment methods exist?
Thirty-three process self-assessment methods were found as listed in Table 3 . The first study found proposing a software process self-assessment method was published in 1994. Figure 4 illustrates that the amount of studies publishing new software process self-assessment methods is increasing, which indicates that this topic is of continuous interest and still being researched. Analyzing this question, we observed that basically none of the published methods explicitly defines the process/steps to be performed in the self-assessment. An exception is the data collection that in some way is described by almost all methods. Some articles implicitly describe the assessment activities, for example, presenting tools to carry out data collection or explaining how data validation should be performed.
Regarding the planning activity, 3 AMs suggest holding a meeting with stakeholders to plan the following activities (Graden et al 2000; Wiegers et al 2000; Varkoi 2015) . Some AMs develop documents in which the assessment roles, as well as, which processes will be assessed are defined (Burnstein et al. 1998; Widergren et al. 2010; Glanzner & Audy 2012; Muladi et al. 2014) . The most used technique for data collection is via questionnaires, followed by interviews. To perform this activity, the self-assessment methods often provide software tools (Muladi et al. 2014; Shrestha et al. 2014; Pino et al. 2010; Daily & Dresner 2004; Malanga et al. 2015; Glanzner & Audy 2012; Burnstein et al. 1998; Timalsina and Thapa 2016; Kuvaja et al. 1999; Rapp et al. 2014) or electronic spreadsheets (Graden et al. 2000; Böcking et al. 2005) .The approach of asking questions directly in an digital environment is considered a faster and more efficient data collection method compared with other methods such as interviews (Deutskens et al. 2006) . Also, the fact that assessment activities can be automated, such as the generation of results, offers an efficiency gain, which can be translated into significant cost savings (Shrestha et al., 2014) .
More specifically we encountered the following information on the assessment process:
Planning: Fourteen articles discuss the planning activity, but most of them do not mention the techniques used to perform it. Three articles propose to hold meetings with the assessors and those responsible for the processes and four mention the development of documents with pertinent information about the assessment.
Data collecting: Except for one method (Coallier et al. 1994) , all methods present a data collection activity. Most of them use questionnaires (30 methods), 4 of which are used as script for interviews and 4 are used for performing workshops. Ten methods use interviews and five held workshops or focus group sessions. Only five articles mention performing data collection by gathering documents and other artifacts. Seven methods combine multiple techniques for data collection. Some, for example, combining the use of questionnaires and interviews (Graden et al., 2000; Muladi et al., 2014; Pino et al., 2010; Timalsina and Thapa, 2016; Burnstein et al. 1998) , questionnaires with participants' discussion (Burnstein et al. 1998) or interviews with documents analysis (Rapp et al., 2014) . Such a triangulation may be important in order to draw valid conclusions.
Data validation:
Only 8 articles mentioned the validation of the collected data. Some assessment methods (Glanzner & Audy, 2012; Shrestha et al., 2014; Graden et al., 2000) , use a software system to group the collected information and automatically indicate the validity of the information. Yet, in some cases no further information has been encountered on this issue. Glanzner & Audy (2012) and Shrestha (2014) do not present how the tool identifies inconsistency in the data. The tool used by Graden et al. (2000) checks for conflicting responses. Amaral et al., (2010) propose the accomplishment of interviews to validate the collected information (artifacts) and an intermediate presentation of the results to management. On the other hand, Pino et al. (2010) suggests that the assessor; in parallel to the interviews and questionnaires, collects information in order to validate participants' responses. In a similar way, Rapp et al. (2014) suggest to cross-check the initial interview results with collected documents.
Process attributes rating:
Half of the methods (16) perform the process attribute rating as suggested by the standards on which they are based, such as ISO/IEC 15504, CMM/CMMI, among others. The other methods define their own process rating, which can be performed manually or automated (Glanzner & Audy, 2012; Burnstein et al. 1998; Grceva, 2012; Shrestha et al., 2014; Timalsina and Thapa, 2016; Daily & Dresner, 2004) .
Reporting: Sixteen articles mention an activity regarding the report of the assessment results, for which 3 provide a template for reporting. One method (Glanzner & Audy, 2012) provides a software tool to record the lessons learned during the assessment. Other methods, besides generating a report; mention the presentation of the results to the managers (Glanzner & Audy, 2012; MacMahon et al. 2015 , Rapp et al. 2014 ) and the realization of feedback sessions (Varkoi 2015) . However, in general, the articles do not describe in detail the content and format of the reports.
Appendix A provides an overview of the data extracted on the activities and techniques that are defined/mentioned by each assessment method.
Specific methods for certain contexts of use:
Twenty-four assessment methods aim at supporting the assessment of software processes in specific contexts, 10 of them in domains such as open source, usability, IT service, system engineering, Green IT, Smart grid, etc. Three methods are specific for agile development and 14 are specific for small businesses (two of which are customized to both contexts).
SPI Knowledge: Several articles do not mention the SPI expertise required for assessors to carry out the assessment. Eight articles mention that the assessment method can be applied even by a team without specific knowledge on process assessment. On the other hand, eight articles state the need for the assessor to have knowledge on SPI. Other studies report the possibility of conducting trainings, if necessary.
Appendix B presents the data extracted on the context in which each method is applied and its demands with respect to the assessors' knowledge on SPI.
Effort to perform assessment: Half of the assessment methods analyzed (15 methods) address the efficiency of the self-assessment method. However, only four of them present the average time to perform an assessment (Table 5 ). Except for Abushama (2016) , the effort to perform the whole assessment is around 300 hours. Six articles present the average time for data collecting only. As shown in Table 6 , data collection is expected to be a quick activity, performed in one or two work days. The other articles only comment that the developed method should require little effort to be applied (Burnstein et al. 1998; Blanchette 2005; Karvonen et al. 2012; Göbel et al. 2013 ). Most of the assessment methods are based on an already consolidated process reference model (28 methods), while some are based on models being developed as part of the specific assessment method (5 methods). Seven methods are based on ISO standards, 12 methods are based on CMM/CMMI, and 6 are based on CMM/CMMI-based models (PSP, TSP, TMM, TIM, MoProsoft) as summarized in Appendix C. Most of the self-assessment methods do not focus on specific software processes areas, except for Kar et al. (2012) , Böcking et al. (2005) , and Kuvaja (1999) including only processes considered important for SMEs.
RQ4. What are the characteristics of the measurement frameworks?
Analyzing this question, we observed that most AMs perform the process attribute rating and use measurement scales based on well-established standards such as ISO/IEC 15504 and CMMI. Almost all methods use some type of questionnaire to assist in data collection. In general, the questionnaires are not extensive (having less than 50 items) using closed-ended questions. One third of them offers some kind of help, such as examples and explanations of the items. (2000) presents a "profiled set of guidance and, therefore, an overall view of the capability of their software/IT practices". Daily & Dresner (2004) , in turn, presents opportunities for process improvement. Blanchette (2005) provides as assessment result a graph representing the processes and their respectively scores, in which the bars depict the range of scores for each process area. The selfassessment method proposed by Shrestha et al. (2014) aims to provide information that can drive improvement of IT service processes, rather than providing a capability level. Wiegers et al. (2000) is also more concerned with identifying appropriate improvement opportunities rather than maturity level ratings.
In total, 30 methods use questionnaires for data collection, as presented in Appendix D. Some questionnaires, on the other hand, are used to guide interviews and workshops (Amaral et al 2010; Yucalar & Erdogan 2009; Göbel et al. 2013; Orci & Laryd 2000; Rapp et al. 2014; Kuvaja et al. 1999 ).
Amount of questionnaire items:
Most articles do not present the questionnaire and only 16 inform the amount of questionnaire items. Among the articles that provide this information, most use instruments with up to 50 items (4 methods) or only one item for each attribute/process indicator (4 methods). Only 7 instruments have more than 50 items. In one instrument, the number of items depends on the input provided by the organization and another proposes a questionnaire for each key process area.
Item format/response scale:
Among the methods that use questionnaires, 4 do not mention the format of the items. Among the articles that provide this information only 2 use open-ended questions (of which 1 also used a questionnaire with closed-ended questions), 22 methods use closed-ended items, of which 6 are affirmations and not questions. In general, instruments with closed-ended items use response scales with an average of 4 categories (ranging from 2 to 7 categories). Few questionnaires use a Likert scale (Likert 1932), or a dichotomous scale (satisfying or not the respective item).
Example/explanation:
Among the methods that use questionnaires and checklists, 11 provide information to aid in the interpretation of the questions/items as part of the questionnaire. Some methods provide explanations for each process area or just examples for the items, if necessary.
RQ5. Have the assessment methods been developed and evaluated systematically?
With regard to this research question, we analyze the methodology used to develop the AMs, as well as the methodology used for their evaluation/validation.
Development methodology:
Among the encountered articles, only 6 mention how the assessment methods were developed. Yet, 2 do not use a formal development methodology (Karvonen et al. 2012; Orci & Laryd 2000) . Karvonen et al. (2012) states that LESAT for Software was developed from an adaptation of the Lean Enterprise Self-Assessment Tool (LESAT). Key concepts of the model were initially identified and considered also valid in the context of software development. These concepts were adapted in order to use terminology more appropriate to the new context of use of the model. In addition, comments and examples relevant to the software development domain were included. Orci & Laryd (2000) used an approach that starts with proposing a new model, followed by its application in case studies, measuring, analyzing, and validating it. The guidelines to implement the model were developed by common sense and based on the experience of the author.
On the other hand, Göbel et al. (2013) , Shrestha et al. (2014) and Shrestha et al. (2015) used the formal Design Science Research (DSR) method (or an adaptation). DSR is a method for developing artifacts that consist of 7 steps: problem identification, objectives of solution, design & development, demonstration, evaluation and communication. In addition to DSR other development methodologies were used. Shrestha et al. (2014) used the Goal-Question-Metric (GQM) approach to ensure that the measurement follows a transparent workflow of assessment activities, since this approach defines a measurement model for software metrics on three levels: goal (conceptual level), question (operational level) and metric (quantitative level). On the other hand, Kasurinen et al. (2011) present only the methodology used to develop the assessment model, but not the assessment method, and, consequently, are not included in Table 7 , which lists the methodologies used for the development of the self-assessment methods. Evaluation methodology: Although most of the articles do not present the development methodology, the majority (24) presents some form of evaluation of the developed assessment method (Appendix E). Among these, 7 articles do not present evaluation results related to the self-assessment method, but only regarding to the process reference model or the result of the assessment performed in some companies.
Seventeen articles report the evaluation of the assessment method. The most evaluated factors are efficiency, effectiveness and comfort (also represented by the term "usability" in some studies). Among these, 14 articles carried out case studies applying the methods in companies or with groups of professionals, who belong to the target audience of the assessment. The sample size varies between 1 and 24 companies; yet, nine studies were conducted with three companies or less.
In addition to the conduction of case studies, Burnstein et al. (1998) also conducted a review of the questionnaire by a panel of software engineering experts. Expert panels have also used by other studies as the only way to evaluate the method. MacMahon et al. (2015) carried out a review with 5 experts. Karvonen et al. (2012) , on the other hand, compare the elements of the method with an analogue one proposed by Ericsson. Göbel et al. (2013) states that the method was tested iteratively, but do not inform how the tests were performed.
Discussion
A significant number of 33 software process self-assessment methods was encountered in the literature. The majority of them (24 methods) aims to assess the software processes in general (without focusing on a specified domain) and uses a version of the CMM/CMMI model or ISO/IEC 15504 as process reference model. Other self-assessment methods focus on a variety of specific domains such as IT service, Green IT, software testing, with a considerable number of 24 methods for specific contexts of use, including 15 self-assessment methods customized to SMEs and agile enterprises.
Almost all AMs use measurement scales (27 methods), most of them adopting the CMM/CMMI or ISO/IEC 15504 scale as is, calculating the maturity/capability level of the process in the same way as suggested by these models. Most AMs provide numerical results, such as a score, or assign a level on a scale. However, considering the primary objective of self-assessments on process improvement, some methods focus exclusively on providing improvement feedback on the strengths and weaknesses of the assessed process(es). One assessment model proposes to at least present the score for each assessed process, in order to identify "weak" processes, and thus assist in identifying the processes that need to be improved.
With respect to the assessment process, most of the articles focus on discussing data collection and do not approach the other activities in detail. However, the lack of guidance on how to plan the assessment, validate the collected data, calculate and generate the results may result in an inaccurate assessment result and/or difficult the application of these methods in practice.
The questionnaires are to be answered by different participants' roles (such as tester, developer, manager, area leader), and in some AMs are used to guide interviews and workshops. Considering the concern to carry out assessments as efficiently as possible, these data collection instruments are kept succinct. Several AMs use only 1 item for each practice, for example, with a total of up to 50 items; only 7 instruments are composed of more than 50 items. Some AMs are concerned in collecting data using more than one technique, for example, combining the use of questionnaires and interviews, questionnaires with participants' discussion or interviews with documents analysis. Such a triangulation may be important in order to increase the validity of the conclusions.
A small number of articles (8) mention the validation of the collected data. Among them, 3 perform validation by comparing the data collected through different methods. These situations might make sense in a context in which the organization is not seeking a certification in order to understand the capability of its processes. On the other hand, it is essential that the assessment results are reliable and effective in order to correctly guide software process improvement actions. Regarding the process attribute rating, half of the AMs perform the process attribute rating following standards, such as ISO/IEC 15504 or CMM/CMMI. Half of the articles mention the reporting of the assessment results, yet, most of them do not report how it should be performed. Three AMs provide a template to guide the preparation of a report, 3 suggest the presentation of results to stakeholders and one suggests the realization of a feedback session. In general, the process self-assessment methods lack explicit definitions of the process that should be used to conduct the activities of the process assessment.
A self-assessment method should not require specific knowledge of process assessment standards or process reference models as being conducted by internal staff, which might not have specialized knowledge nor experience in software process assessment. This feature is very important as it allows the applicability of these AMs in organizations with few resources, either without staff specialized in SPI or not able to invest in SPI training for their staff. However, only few AMs do not require the necessity of the assessment participants to have specific subject knowledge. In general, we observed that, although, the lack of SPI knowledge and experience of the internal assessors poses a significant threat to the validity of self-assessment, this issue is not addressed by the reported methods. To meet this requirement, some AMs just provide examples or tips on how to use the data collection instrument and how to analyze the collected data.
Regarding the format of the questionnaire items, we observed that most use closed-ended questions or
affirmations. Using open-ended questions, on the other hand, might increase the assessment effort, as the provision of qualitative data involves a demanding process (Saunders et al. 2009 ). They also increase the complexity for the respondents, who are often non-experts on the subject being assessed and who may not know exactly how to answer the questions.
For these reasons open-ended questions may not be an ideal option. For measuring dichotomous variables, closed-ended questions are also preferred, as possible answers can be easily precoded (Kazi 2012) . Typically, closed-ended question instruments have response scales with an average of 4 ordinal points (ranging from 2 to 7 points). Despite the impact the format of the response scale may have on the complexity on answering of questionnaire and it results, none of the articles justified the scale used, nor discussed on whether the respondents would be able to distinguish between the categories used (for example, between partially or largely achieved).
The great amount of effort required to carry out a process assessment is often mentioned as a disincentive to companies that wish to have insight into their processes. In this respect, one of the main advantages in carrying out a self-assessment is the minimization of time and effort. Nevertheless, few articles mention this benefit. In general, the articles that evaluated the performance of the AMs in relation to their effort report that assessment lasts between 160 and 390 hours. Some articles, on the other hand, presented only the effort to perform data collection, and others considered only the time for responding the data collection instrument, or include the time for data analysis. As a result, the reported efforts are not comparable. Yet, in general, the total duration for data collection does take more than 3 working days (22 hours).
As AMs should be valid, reliable, and cost efficient, they need to be developed systematically (Gresse von Wangenheim et al. 2010; Simonsson 2007) , and in a similar way, in order to acquire data properly, data collection tools need to be designed in such a way that they can measure aspects of interest (Kazi 2012). However, we observed that most of the AMs we encountered do not report information on their development. Only 3 articles present the use of systematic methods for the development of the AM, using Design Science Research and the Goal-Question-Metric approach. However, even these articles do not present a systematic method for the development of the measurement framework or the development of the data collection instruments. However, systematic development is important in order to assure the validity of the obtained results, especially, when using questionnaires that need to be designed carefully in order to comprehensively cover the object to be measured, while at the same time minimizing the number of items in order to minimize the data collection effort. Considering also the possible inexperience of the respondents with respect to SPI, it becomes essential to carefully revise the wording of the items (Kazi 2012; Saunders et al. 2009 ). Although 17 articles have reported some form of evaluation of the AM, most of them conduct studies using only small samples and/or without using a systematic method. Yet, again, as most AMs use some kind of questionnaire, it is important to assure the reliability and construct validity of these instruments (Kazi 2012; Saunders et al. 2009 ). However, we observed that only four studies evaluated the questionnaire/checklist used. Thus, the lack of scientific rigor of the validation of the majority of the proposed methods may leave their validity questionable. In this context it would be important to conduct larger empirical studies in order to confirm the validity and reliability of the proposed methods, e.g. in the way this has been done as part of the SPICE Project (Jung et al. 2001 ).
Threats to Validity
As with all research, there exist several threats to the validity of the results presented (Zhou et al. 2016 ). We, therefore, identified potential threats and applied mitigation strategies in order to minimize their impact on our research. A main risk in a mapping study is the omission of relevant studies. In order to mitigate this risk, the search string was carefully constructed and verified by the authors. Different strings (containing the core concepts and their synonyms) were tested in order to identify the one that returned the most relevant results (including seminal articles). The risk of excluding a relevant study is further mitigated by the use of multiple repositories that cover many repositories. In addition, we used Google Scholar as a complementary repository to find grey literature. Although, the use of Google Scholar as a single source for performing mapping studies is not recommended, its use as a complementary repository is reported in several articles (Haddaway et al. 2015) . In accordance to Haddaway et al. (2015) , who suggest that the first 200-300 results on Google Scholar should be revised, we analyzed all results using the first string (22 search results) and the first 900 search results for the second search string.
Threats to study selection and data extraction have been mitigated through a detailed definition of the inclusion/exclusion criteria. We defined and documented a rigid protocol for the study selection and all authors conducted the selection together discussing the selection until consensus was achieved.
Recognizing the lack of consistent use of terminology, the information of the encountered articles has been carefully extracted and revised interpreting the presented models in relation to the theory presented in the background section. In this respect, this article presents an interpretative analysis with findings based on the author's subjective interpretations. In order to reduce risks of misunderstanding again all authors conducted the data extraction together until consensus was achieved.
Conclusion
We encountered a considerable amount of 33 software process self-assessment methods. Most methods are based on traditional and consolidated process reference models and measurement frameworks, such as CMMI and ISO/IEC 15504. On the other hand, in relation to these traditional models, the assessment process, in general, is simplified. Half of the AMs are customized for SMEs, which require less costly, more efficient and less bureaucratic assessment methods. Most of the AMs perform data collection through the application of (closed-ended) questionnaires. Benefits of the data collection technique are a reduction of time and effort and the ease to analyze the data as well as the possibility of automating the generation of the results. However, although, several studies mention concerns about the duration and effort of the assessment, very few analyzed these factors of the proposed AM. Another shortcoming observed is that with respect to the assessment process, most methods focus exclusively on data collection not detailing other activities. This may complicate the application of the proposed AMs in practice. We also observed that besides few exceptions, the methods for developing these AMs have not been reported. And, very few articles report the validation of the methods and/or the data collection instruments. Another issue observed is that most proposed AMs do not discuss the mitigation of significant threats to the validity of the results obtained through self-assessment due to the potential inexperience of the assessors and the lack of data triangulation. Therefore, it seems questionable as to whether the majority of the proposed AMs can be used to perform valid self-assessments. In this respect, this article provides an overview on existing software process self-assessment methods and their characteristics. It also points out important issues with respect to the development of new AMs and/or the improvement of existing ones as well as the need for the conduct of more rigorous larger-scale validations as a basis for future research in this area. Appendix A -Overview on the assessment methods activities Interviews, presentations, questionnaires (soft. tool), and relevant documents.
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The ranking algorithm requires a rating of the maturity subgoals, then the maturity goals, and finally the maturity level.
The profile can be presented as a graphical display or in the form of a matrix that indicates maturity goals that are satisfied or not, the TMM level, a summary of test process strengths and weaknesses, and recommendations for improvements. Göbel et al., 2013 Functionality, usability, fit with the organization (the method is tailored for SME's within ITSM area), performance.
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